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Abstract 
We have successfully fabricated the micro-array electrode chip with different gaps by MEMS technology and 
generated the moving electric fields to drive cells migration by employing AC signals. Our strategy is to simulate 
the ramp waveform signal in the chip with various gaps (10 ȝm, 20 ȝm, and 30 ȝm) to find the optimal moving 
electric field by the ANSYS software. The electrode gap of 10 ȝm could generate the better moving electric field 
effect on cell migration than that of other gap sizes. In experiments, when fixing the electric field intensity at 0.6 
V/mm in 100 kHz, the migration velocity of the cells was 21.25 ȝm/hr in 10 ȝm micro-assay electrode chip. Under 
the driving frequency influence, the cell migration was more obvious in excess of 50 kHz. This method for cell 
migration could be applied to cell manipulation of bio-applications. 
Keywords: micro-array electrode chip, moving electric fields, ramp waveform signal, driving frequency 
1. Introduction 
Cell migration plays an important role in development, wound healing, and metastasis. There are many cells 
which have the galvanotaxis and galvanotropism in the human body. ECIS (electric cell-substrate impedance 
sensing) is used the gold electrodes and AC electric field to detect the cell conditions (i.e. cancer growth, wound 
healing, and metastasis), and the impedance change is used to check the signal transmission and cell migration 
between the cells [1]. In addition, the researches demonstrated the enhancing effects of DC electric field on cells in
vitro. Under the suitable DC electric field (0.6 V/mm) in ECIS electrode, the time of the spread cells becomes short 
half [2]. Recently, moving electric fields generated by AC voltage have been applied in separating particles and cells 
[3]. The analysis of cell shape changes [4] and cell migration by DC electric fields were reported [5]. In this study, 
various peak differences between positive and negative electric fields generated under fixing AC signals due to the 
different electrode gap sizes, which cause the cell migration.  
2. Material and method 
The chip was designed by using the AutoCAD® 2009 software, and the electrodes were the arrayed-finger type. 
The size of the electrode width is 10 ȝm and the various gap sizes are 10 ȝm, 20 ȝm, and 30 ȝm, as shown in the Fig. 
1. We have simulated the ramp waveform in different electrode gap sizes. The AC waveform voltage was applied to 
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the arrayed-electrode sets to generate a moving electric field. A schematic diagram of the arrayed-electrode design 
and the mechanism for cell migration using a moving electric field are shown in Fig. 2. 
Fig. 1 (a) Design of the micro arrayed-electrode chip. (b) The reaction region of the various gaps. 
Fig. 2 Cell migration on array-electrodes with time shift of the waveform. 
3. Results and discussions 
In simulation results, the duty times of positive and negative electric fields are the same in various gap sizes, 
and smaller gap size generates larger peak difference between positive and negative electric fields. After 12 hr of 
seeding, the cells has adhered on the chip, the cell migration was measured in the chips of various gap sizes under 
the same electric field condition: 100 kHz and 0.6 V/mm. The average migration distance was 21.25 μm in 10 μm 
gap size chip, as shown in Fig. 3. In the cell migration direction statistics, the included angle is the angle between 
electric driving direction and cells migration direction. The direction of cell migration of the control experiment was 
random distribution under no electric field. Under the moving electric field, the migration direction (Cosș) was 
mostly from 0.4 to 0.8 in 10 μm gap size chip, as shown in Fig. 4.  
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Fig. 3 The cell migration on various gap sizes of array-electrodes chip. 
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Fig. 4 The directions of cell migration were under the control and experimental micro-array electrode chip. 
In the cell migration of positive and negative electric field, we have demonstrated that cell migration could be 
controlled by electric fields. The average velocity of cell migration was 18.5 μm/hr in positive electric field, and the 
average velocity of cell migration was 15.5 μm/hr in negative electric field, as shown in Fig. 5. In the driving 
frequency effect of AC signal, we have found the cell migration was more obvious under the driving frequency 
greater than 50 kHz, as shown in Fig. 6. 
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Fig. 5 The cell migration was in the positive and negative electric field. 
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Fig. 6 The relationship between the distance of cell migration and driving frequency. 
4. Conclusions 
This study has successfully demonstrated the micro-array electrode chip provided the moving electric field to 
drive the cells migration by employing AC ramp waveforms. The smaller gap size (10 μm) had the better effect on 
cell migration under 100 kHz and 0.6 V/mm. This design could be applied to cell migration, DNA separation and 
other biology applications. 
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